Aims-To compare the expression of immunohistochemical variables between benign and malignant components of malignant peripheral nerve sheath tumour (MPNST) arising within neurofibroma. Methods-Eight cases of MPNST arising within a neurofibroma, associated with neurofibromatosis type 1 (NF1), were studied. The areas of MPNST and neurofibroma were compared immunohistochemically with regard to the expression of proliferative activity (MIB-1), growth factors, p53, bcl-2, neural cell adhesion molecule (N-CAM), and CD34. Results-The expression of transforming growth factor 1 (TGF-1), TGF-receptor type II, hepatocyte growth factor (HGF-), c-met, p53, and N-CAM was higher in the areas of MPNST than in the neurofibromatous areas in four, five, five, eight, five, and three of the eight cases, respectively. CD34 expression was lower in the areas of MPNST than in the neurofibroma areas in three of the eight cases. Conclusions-On the basis of these findings, TGF-1, HGF-, and p53 might be involved in the malignant transformation of neurofibroma to MPNST. (J Clin Pathol 2001;54:631-636) 
Malignant peripheral nerve sheath tumour (MPNST) is a malignant neurogenic tumour that occurs with high frequency in association with neurofibromatosis type 1, arising either de novo or in transition from neurofibroma. 1 There have been many studies of MPNST and neurofibroma [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] ; however, only a few have dealt with the immunohistochemical comparison between the sarcomatous area and the adjacent neurofibromatous area in MPNST arising within a neurofibroma. [5] [6] [7] It has been reported that cultured rat Schwann cells respond to some mitogens, including transforming growth factor (TGF-), hepatocyte growth factor (HGF), and platelet derived growth factor (PDGF). [18] [19] [20] [21] In addition, accumulation of some mitogens, such as HGF and basic fibroblast growth factor (FGF), has also been found in neurofibromatosis. 22 23 TGF-isoforms have been reported to mediate their activity by high aYnity binding to the type II receptor. 24 They inhibit the proliferation of epithelial cells or epithelial tumour cells, but promote the synthesis of extracellular matrix. 25 However, their role in the tumorigenesis of sarcomas, including neurogenic tumour, has not yet been reported.
HGF/c-met autocrine signalling systems have been suggested to contribute to tumour progression in several carcinomas and sarcomas, including MPNST. [26] [27] [28] However, diVerences in the expression of HGF/c-met between areas of neurofibroma and MPNST have not yet been clarified.
Mutations of the p53 gene have also been found in some neurogenic tumours. [29] [30] [31] More recently, neural cell adhesion molecule (N-CAM) and CD34, which is a myeloid progenitor cell antigen found in some fibroblast subsets, have been studied in relation to tumour behaviour. [32] [33] [34] In our study, we examined immunohistochemically the expression of these factors, which are considered to be responsible for the development and progression of MPNST, using paraYn wax embedded tissue specimens. In addition, we compared the topological diVerence in expression of the above factors between the sarcomatous and neurofibromatous areas.
Materials and methods

SPECIMENS
Eight cases of MPNST arising within a neurofibroma were selected from 69 cases of MPNST registered in the files of the second department of pathology, Kyushu University, Fukuoka, Japan, from 1980 to 1997. We defined MPNST within a neurofibroma as a tumour in which a sarcomatous area was surrounded by a neurofibromatous area. In the sarcomatous area, the tumour was characterised by a proliferation of wavy and buckled Sections were incubated at 4°C overnight with primary antibodies, before being stained with the streptoavidin-biotin complex/horseradish peroxidase (SAB/HRP) method using a Histofine SAB-PO(M) immunohistochemical staining kit (Nichirei, Tokyo, Japan). The sections were then reacted with a 3,3'-diaminobenzidine, peroxytrichloride substrate solution, counterstained with haematoxylin, and mounted. Table 2 summarises the primary antibodies used in our study. The degree of staining was classified as: negative (< 3% of the cells), 1+ (positive; 3-50% of the cells), and 2+ (strongly positive; > 50% of the cells).
The MIB-1 labelling index (LI) was estimated by counting the number of positive cells/1000 tumour cells.
Results
Figures 1 (case 3) and 2 (case 4) demonstrate the topographic distinctions between the sarcomatous areas and the neurofibromatous areas. In these cases, the sarcomatous components were located within the central region of the entire tumour. Microscopically, in case 4, the sarcomatous area was composed of spindle cells arranged in fascicles adjacent to the neurofibromatous area (fig 3A and B) . Densely cellular fascicles alternated with hypocellular zones ( fig 3C) . The nuclei of some tumour cells were wavy or buckled ( fig 3D) . Mitotic figures were seen frequently. The surrounding less cellular area of case 4 showed interlacing bundles of elongated cells, which had wavy nuclei without atypism associated with wire-like strands of collagen ( fig 3E) . The other tumour (case 5) showed a whorled structure, which was reminiscent of tactoid diVerentiation (fig 4) . Tables 3-5 summarise the results of our immunohistochemical analyses.
The MIB-1 LI for both the neurofibroma and the MPNST areas ranged from 3.3 to 49.8, with a mean (SD) of 19.0 (15.7). The MIB-1 LI was found to be higher in the MPNST areas than in the neurofibroma areas (mean, 31.9; SD 11.7 v mean, 6.1; SD, 2.4; p = 0.0001) (table 3). 
. (E) Histological picture exhibiting the features of neurofibroma (case 4). The tumour is made up of interlacing bundles of elongated cells with wavy nuclei, without atypism, associated with wire-like strands of collagen (haematoxylin and eosin stained; original magnification, ×125).
Positive reactions with TGF-1, TGFreceptor type II, HGF-, and c-met were observed more frequently in the MPNST areas than in the neurofibroma areas in four, five, five, and four of the eight cases, respectively ( fig  5) . A positive reaction with PDGF was found more frequently in the MPNST areas than in the neurofibroma areas in two of the eight cases. However, positive reactions with PDGF receptor were seen in only one case (case 7).
Immunoreactivity for bcl-2 was similar in both the MPNST and neurofibroma areas.
In contrast, five of the eight cases showed immunoreactivity for p53 in the MPNST areas, whereas three of the eight cases showed no immunoreactivity in either the MPNST or neurofibroma areas (fig 6) .
Furthermore, N-CAM positivity was seen more frequently in the MPNST areas than in neurofibroma areas in three of the eight cases. In addition, CD34 positive cells were present in the neurofibroma areas, but not in the MPNST areas in three of the eight cases (fig 7) .
Discussion
We speculated that many factors were involved in the malignant transformation from neurofibroma to MPNST. To clarify the mechanisms and factors underlying this transformation, we selected a total of eight cases of MPNST arising within a neurofibroma and undertook immunohistochemical studies. 1  1+  2+  1+  2+  1+  2+  1+  2+  1+  2+  --2  2+  2+  2+  2+  1+  2+  1+  2+  1+  2+  --3  2+  2+  2+  2+  2+  2+  2+  2+  1+  1+  --4  1+  2+  1+  2+  1+  2+  1+  2+  1+  1+  --5  1+  2+  1+  2+  2+  2+  2+  2+  1+  1+  --6  2+  2+  1+  2+  1+  2+  2+  2+  1+  1+  --7  1+  2+  1+  2+  1+  2+  1+  2+  1+  1+  -1+  8  2+  2+  2+  2+  2+  2+  2+  2+  1+  1+ HGF, TGF-, PDGF, and basic FGF have been reported to be involved in Schwann cell proliferation or growth of neurofibroma. [18] [19] [20] [21] [22] [23] HGF/c-met interaction, in an autocrine manner, has been demonstrated in some tumours, including MPNST. [26] [27] [28] We studied the role of TGF-, HGF, and PDGF in the malignant transformation from neurofibroma to MPNST. In our series, TGF-1/TGF-receptor type II and HGF-/c-met were expressed both in the MPNST and neurofibroma areas, but immunoreactivity was greater in MPNST than in neurofibroma areas in almost half the cases. Thus, it seems likely that the HGF-/c-met and TGF-1/TGF-receptor type II signalling systems play a role in the process of MPNST formation. TGF-isotypes have been shown to inhibit the proliferation of epithelial tumours, but promote the synthesis of extracellular components. 25 In addition, our results showed that TGF-1 might help promote the malignant growth of sarcomas, such as neurogenic tumour.
Immunohistochemical staining with the MIB-1 antibody was used to assess the proliferative activity of the tumour cells. 35 In our study, the MIB-1 LI was higher in the MPNST areas than in the neurofibroma areas. This result is similar to that of Kindblom et al, who reported MIB-1 immunostaining results when comparing benign and malignant neurogenic tumours. 7 Moreover, it has also been shown that the anti-apoptotic protein bcl-2 is expressed to some extent in gliomas, and is expressed more often in low grade astrocytomas than in malignant gliomas. 36 37 We found that bcl-2 was expressed in both the MPNST and neurofibroma areas, and that there was no definite distinction between the two regarding bcl-2 immunoreactivity. Consequently, it seems that bcl-2 does not play an important role in the progression of MPNST.
In contrast, in our study, five of the eight MPNSTs arising within a neurofibroma showed immunoreactivity for p53 in the sarcomatous areas, but not in the adjacent neurofibromatous areas. Furthermore, there was no occurrence of p53 immunoreactivity in either the sarcomatous or neurofibromatous areas in three of the eight cases. Our data diVer from the report of Halling et al because they reported that all seven MPNSTs arising within a neurofibroma showed immunoreactivity for p53 in the sarcomatous areas. 6 DiVerences in the anti-p53 antibody used may underlie the diVerences seen in these results. However, our study showed that p53 plays an important role in the evolution of MPNST from neurofibroma. Our data were compatible with molecular data, which showed that 17p deletion or mutations of p53 occurred during the malignant transformation from neurofibroma to MPNST. 31 In our study, N-CAM immunoreactivity in the MPNST areas was higher than that in the neurofibroma areas in three of the eight cases. Our results are similar to those of Miettinen et al, who reported that consistent N-CAM immunoreactivity was seen in malignant schwannoma, whereas only variable staining was seen in benign schwannoma. 32 The reason for this has yet to be determined. CD34 is a myeloid progenitor cell antigen, which is also present in dermal dendritic cells, endothelial cells, and some subsets of fibroblasts. 33 34 In our series, the immunoreactivity of neurofibroma was higher than that of MPNST in three of the eight cases. Some fibroblasts in neurofibroma seem to express CD34, but this expression seems to be lost during the process of MPNST formation. There is also the possibility that N-CAM and CD34 play a role in the malignant transformation of neurogenic tumours.
In conclusion, our immunohistochemical study showed that TGF-1/TGF-receptor type II, HGF-/c-met, and p53 seem to play a role in the malignant transformation of neurofibroma to MPNST. In addition, these factors might be useful in distinguishing clinicopathologically between MPNST and neurofibroma. However, further studies to determine the precise mechanism behind this transformation are necessary.
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